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Abstract
Purpose of Review Atopic dermatitis (AD) poses a significant financial and disease burden on affected patients and families, 
prompting increased interest in primary prevention strategies. This review summarizes promising interventions aimed at 
preventing AD in childhood, with a focus on evidence from recent clinical trials and large cohort studies.
Recent Findings While prophylactic emollient use for AD prevention initially appeared promising, recent follow up studies 
have cast doubt on its effectiveness. Perinatal probiotics may moderately reduce the risk of childhood AD, especially among 
children at high-risk of allergic disease. However, there are insufficient high-quality studies to support prebiotic supple-
ments, breastfeeding, partially hydrolyzed infant formula, other perinatal nutritional supplements, or specific material diets 
for prevention of AD.
Summary Given the prevalence of AD, interventions with relatively small effect sizes would have a major impact on popula-
tion health. Based on available evidence, the use of probiotic supplements for infants, pregnant women, and breastfeeding 
mothers is the most promising strategy. However, additional large clinical trials are likely needed before universal recom-
mendations can be issued.
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Introduction

Atopic dermatitis (AD) is a common chronic inflammatory 
skin disorder that affects more than 200 million individu-
als worldwide [1]. It typically begins in infancy and often 
improves with age, although it can persist into or onset dur-
ing adulthood [1]. Due to its intensely pruritic nature and 
chronic disease course, AD has an enduring impact on the 
quality of life of both patients and caregivers. AD is associ-
ated with sleep disturbance, irritability, behavioral problems, 
and other psychosocial comorbidities, especially in children 
[2]. There is also a significant financial cost to managing 
AD, both to patients and to the healthcare system [3]. As 
such, tremendous research efforts have been directed towards 
AD treatments, and new effective topical and systemic medi-
cations continue to emerge.

Prevention of AD has also been a topic of increasing 
interest. Considering the high prevalence of AD in infants 
and children, preventing even a small fraction of cases would 
provide immense benefit to society. While pathogenesis of 
AD is a complex interplay between genetic factors, immune 
dysregulation, and epidermal barrier dysfunction, studies 
thus far have largely focused on modifiable environmental 
factors such as probiotic supplementation during pregnancy 
and proactive emollient use [4].

This article summarizes recent literature on primary pre-
vention strategies for AD and provides brief commentary on 
the proposed mechanism of action for each intervention. Our 
objective is to equip dermatologists and general practitioners 
with a broad understanding of the AD prevention landscape 
to guide patient and family counseling efforts.

Brief Background on AD Pathogenesis

The pathophysiology of AD involves epidermal barrier dys-
function, immune dysregulation, and microbial dysbiosis. 
The importance of the epidermal barrier is particularly evi-
dent in patients who have a filaggrin mutation. Filaggrin is 
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a major structural component of the stratum corneum, and 
mutations in filaggrin have been associated with increased 
trans-epidermal water loss and the development of atopic 
dermatitis [5]. Therefore, early identification of infants with 
epidermal barrier dysfunction and addressing this deficiency 
prior to the development of AD represents one primary pre-
vention strategy [6].

Another key feature of AD pathogenesis is alteration in 
immune pathways, particularly the skewed activation of the 
T-helper-cell-2 (Th2) signaling pathway. Research indicates 
that type 2 immune cytokines like IL-4 and IL-13 contrib-
ute to skin barrier dysfunction, suppression of antimicrobial 
peptides, and allergic inflammation [7]. The success of tar-
geted blockade of IL-4 and IL-13 with dupilumab in treating 
moderate-to-severe AD underscores the critical role of these 
cytokines in AD pathogenesis [8]. Individuals may have a 
genetic predisposition towards dysregulated Th2 pathways 
or may experience immune dysregulation triggered by envi-
ronmental factors such as allergens, microorganisms, and 
other irritants [7].

AD is also linked to microbial dysbiosis of both the skin 
and the gut. Exposure to antibiotics during pregnancy or 
delivery is associated with increased risk of AD in infants 
[9]. Patients with AD also exhibit increased Staphylococcus 
aureus and Staphylococcus epidermis on their skin, along-
side decreased overall microbial diversity [10]. S. aureus 
colonization of the skin can upregulate proinflammatory 
cytokines and stimulate mast cell degranulation, which 
results in Th2 pathway activation and skin inflammation 
[11, 12]. Decreased microbial diversity is also observed in 
the gut microbiome of patients with AD, although its exact 
relationship with AD pathogenesis remains uncertain. Cer-
tain bacterial species, such as Bifidobacteria and Lactoba-
cilli, play an important role in stimulating regulatory T-cells, 
which can mitigate systemic allergic responses [13]. Loss of 
these important bacterial species is thought to predispose 
children to allergic disease including AD [13]. Thus main-
tenance of a diverse skin and gut microbiome with prebiotic 
and probiotic supplementation is yet another strategy that 
has been considered in the primary prevention of AD.

Targeting Epidermal Barrier Disruption

Proactive Emollients

Emollients represent the mainstay of AD treatment regi-
mens, and studies have investigated whether proactive 
application of emollients might prevent the development 
of AD in high-risk children [14]. Emollients are defined as 
topical substances without any active ingredients which are 
used to restore the skin barrier, decrease trans-epidermal 
water loss (TEWL), moisturize, and/or relieve pruritus and 

inflammation [14]. Skin barrier dysfunction represents a 
major driver of AD, and increased TEWL is seen early on 
in infants who go on to develop AD [15]. It therefore fol-
lows that efforts to strengthen the skin barrier could delay or 
prevent the development of AD [15, 16]. Additionally, AD 
pathogenesis is also driven by immune dysregulation, and 
emollient use has also been shown to alter the inflammatory 
immune response in AD patients [17].

Initial small pilot studies suggested potential benefits 
of daily emollient use in preventing AD in childhood [16, 
18]. However, two large subsequent randomized control 
trials (RCTs) found no significant reduction in AD risk in 
those infants receiving daily emollients [19–22]. The 2020 
Barrier Enhancement for Eczema Prevention (BEEP) trial 
investigated the efficacy of daily emollients in eczema pre-
vention in 1,394 high-risk infants. The authors found that 
daily emollient use during the first 12 months of life failed 
to prevent the development of atopic dermatitis, food allergy, 
asthma or hay fever at two and five year follow ups [19, 20]. 
Interestingly, however, there was an increased number of 
skin infections in the emollient group during the first year of 
life (adjusted incidence rate ratio 1.55; 95% CI 1.15 – 2.09), 
which was hypothesized to occur as a result of increased 
exposure to pathogens or disturbance of the normal skin 
microbiome due to frequent emollient application [19]. 
Furthermore, a 2020 Swedish study with 2,397 infants also 
found that neither skin emollients (defined as bath additives 
and facial cream) nor early complementary feeding (peanut, 
cow's milk, wheat, and egg) significantly reduced the risk of 
AD [22]. Notably, the intervention compliance within their 
study was low, with full protocol adherence in only 27% of 
the emollient arm [22].

The evidence from smaller studies regarding the protec-
tive effects of specific emollients is mixed [23–26]. The 
STOP-AD trial, which randomized 321 high-risk full-term 
infants into either twice-daily application of AVEENO® 
Dermexa Fast & Long Lasting Balm for the first 8 weeks of 
life or to standard skin care, identified a significantly lower 
cumulative incidence of AD at 12 months in the emollient 
group, compared to the control group (Relative risk (RR) 
0.707; 95% CI 0.516—0.965). Several meta-analyses have 
been conducted to try and provide clarity on these conflict-
ing findings; however, meta-analysis on this topic is compli-
cated by heterogeneity among smaller trials regarding their 
definitions of AD and AD risk, age at trial onset and treat-
ment duration, type of emollient used, and emollient dosage 
and usage instructions [14, 27, 28]. Additionally, adherence 
to trial protocol is inconsistent, and many studies do not 
report adherence rates [28]. Risk of adverse events such as 
skin infections associated with prophylactic emollients is 
also not fully characterized. Overall, there is not enough evi-
dence to recommend prophylactic emollient use in children 
with a family history of atopy, though more targeted studies 
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that take advantage of personalized medicine to identify 
children with a genetic predisposition to epidermal barrier 
dysfunction and/or evidence of epidermal barrier dysfunc-
tion early in life have yet to be performed.

Targeting Microbiome Dysbiosis

Probiotic Supplementation

Probiotics are live microorganisms that can enhance barrier 
function, protect against pathogen colonization, and modu-
late immune system activity [29, 30]. In the context of AD, 
bolstering gastrointestinal microflora is believed to counter-
act the T-helper-2-skewed immune response characteristic 
of AD pathogenesis [31, 32]. It has also been proposed that 
probiotic supplementation lowers pro-inflammatory pro-
tein expression in children [33]. The composition of the gut 
microbiome in infants is influenced by maternal microbiota 
during pregnancy and dietary exposures after birth, along 
with other environmental and genetic factors [13, 32, 34].

In a seminal double-blinded RCT in 2001, Kalliomaki 
et al. demonstrated that supplementing both pregnant moth-
ers and infants with Lactobacillus rhamnosus GG effectively 
prevented early atopic diseases, including AD, in high-risk 
children [31]. The study included 159 mother-infant pairs, 
and found that the frequency of AD in children given probi-
otics was one-half that of the placebo group at two years of 
age (23% vs 46%; RR 0.51, 95% CI 0.32–0.84).

Many RCTs have subsequently been conducted to inves-
tigate the role of probiotic supplementation for pregnant 
mothers, lactating mothers, and infants with conflicting 
results, likely due to the significant heterogeneity in study 
designs such as microbial strain(s) type, timing of supple-
mentation, and participant selection [8, 35–39]. In 2015, the 
World Allergy Organization-McMaster University Guide-
lines for Allergic Disease Prevention (GLAD-P): Probiotics 
guideline conditionally recommended prebiotic supplemen-
tation in not-exclusively breastfed infants, both at high and at 
low risk for developing allergy based on a very low quality 
evidence [40]. Further supporting this recommendation, a 
2023 recent meta-analysis including 6131 subjects showed 
that probiotics were superior to placebo in AD prevention 
(RR 0.8, 95% CI 0.73–0.94) [41]. Clinical efficacy of pro-
biotics was greater when administered to both infants and 
mothers and with mixed strain probiotics or Lactobacillus 
rhamnosus [41]. Probiotic supplementation has been found 
to be effective in reducing risk of AD in infants both with 
and without filaggrin gene mutations, suggesting that pro-
biotic supplementation may also be beneficial to children at 
low risk of AD [42].

While perinatal probiotics show promise in AD preven-
tion, it cannot be excluded that perinatal probiotics delay 

rather than prevent AD onset. Follow-up periods of studies 
ranged from 6 months to nine years, and no studies thus far 
have examined whether the length of follow-up was asso-
ciated with the significance or magnitude of the AD risk 
reduction [38]. In one double-blinded RCT of 415 pregnant 
women who received either probiotic or placebo milk, pro-
biotics significantly reduced the cumulative incidence of AD 
in their infants at two years of age, but not at six years of 
age [35]. This suggests that perinatal probiotics may delay 
rather than prevent AD onset in childhood. Long-term 
effects remain uncertain, as do potential risks. In one study, 
probiotic supplementation was linked to higher risk of infec-
tion and mucosal-associated illnesses in infants, although 
probiotics are generally considered safe in humans [43].

Of all the interventions studied, probiotic supplementa-
tion for pregnant and breastfeeding mothers, as well as for 
infants, has the most substantial evidence to reduce risk of 
AD development in children. However, additional studies are 
needed to evaluate long-term outcomes, determine the opti-
mal probiotic supplementation regimen, and assess whether 
probiotic supplementation prevents not only mild AD but 
also moderate to severe AD.

Prebiotic Supplementation

Prebiotics are food components that selectively stimulate 
growth and activity of beneficial gut microorganisms by 
resisting digestion in the upper gastrointestinal tract and 
serving as a substrate for fermentation in the colon. Oligo-
saccharides are the most common form of ingested prebi-
otics and are ideal substrates for beneficial bacteria like 
Bifidobacteria [44, 45]. Consequently, prebiotic ingestion 
selectively nurtures beneficial bacterial and inhibits patho-
genic bacteria proliferation. Analogous to probiotics, prebi-
otics are posited to prevent AD development by altering the 
infant gut microbiome [44]. Prebiotics supplementation has 
primarily been investigated in formula-fed infants, given the 
natural abundance of oligosaccharides in human breastmilk 
[45].

Studies evaluating the efficacy of prebiotic supplementation 
for infants in preventing AD development remain limited, with 
varied outcomes. Several early RCTs suggested a reduction 
in AD incidence among both high-risk and low-risk infants 
given prebiotics [46–48]. Notably, in a 2010 RCT involving 
830 subjects, Gruber et al. showed that low-atopy-risk healthy 
term infants fed with formula supplemented with prebiotics 
had 44% lower prevalence of AD compared to the group fed 
with control formula [47]. However, in the subsequent 2018 
Prebiotics in the Prevention of Atopy (PIPA) trial of 400 
high-risk infants, prebiotics-supplemented formula failed to 
show a significant reduction in the cumulative incidence of 
AD compared to standard formula and breastfeeding [49]. 
Several other studies have also demonstrated no significant 
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effect of prebiotics on AD risk reduction [50, 51]. A 2021 posi-
tion paper by the European Academy of Allergy and Clinical 
Immunology (EAACI) concluded that current evidence does 
not support prebiotic supplementation in preventing eczema 
among high-risk infants [52].

Breastfeeding

Breastmilk naturally contains anti-inflammatory compounds 
that are thought to affect the infant gut microbiome, increase 
immune function, and decrease allergic sensitivity of infants 
[53]. The effectiveness of breastfeeding on AD prevention 
remains controversial. A cluster randomized controlled trial 
in Belarus found a reduction in the risk of AD in the groups 
with higher rates of breastfeeding at 12 months, but this 
association was not statistically significant at age 6.5 years 
[54, 55]. There have been no other subsequent randomized 
control trial comparing AD risk in breastfed and formula-
fed infants. A 2019 meta-analysis of prospective observa-
tional studies found weak evidence for the protective effect 
of breastfeeding against AD in high-risk infants [56]. The 
protective effect of breastfeeding on AD remains uncertain.

Targeting the Immune System

Partially Hydrolyzed Formula

Partially hydrolyzed formula (pHF) contains oligopeptides 
with molecular weights generally less than 5 kD and have 
been suggested to prevent AD by modulating the immune 
system [57]. In 2019, the American Academy of Pediatrics 
concluded that there is a lack of evidence that either par-
tially or extensively hydrolyzed formula prevents AD, even 
in high-risk children [58]. Despite this, interest in the role 
of pHF in AD prevention has persisted. The Allergy Reduc-
tion Trial (A.R.T) conducted in Europe recently did show 
that AD incidence within the first six months life was lower 
in high-risk infants receiving whey-based pHF compared to 
standard cow’s milk formula and exclusive breastmilk [59, 
60]. However, the trial was notably funded by a formula 
company, which also supplied the infant formulas used in 
the study. Many RCTs on pHF exhibit high or unclear overall 
risk of bias and conflicts of interest [61]. Overall, current 
evidence does not support the efficacy of pHF in preventing 
AD.

Other Interventions

Maternal Diet and Nutrition

Maternal diet during pregnancy plays a crucial role in 
fetal development and genome expression, prompting 

investigation into the relationship between various dietary 
factors in pregnancy and AD development in offspring [62, 
63]. While vitamin D and omega-3 supplements initially 
appeared to be the most promising based on observational 
studies and several small RCTs, recent meta-analyses found 
no significant effect of either supplement on offspring AD 
outcome [64, 65]. A 2022 RCT of 703 British pregnant 
women, which was not included in prior meta-analyses, 
did show a statistically significant reduction in AD risk at 
age 12 months among offspring of mothers supplemented 
with vitamin D (cholecalciferol 1000 IU daily) during preg-
nancy, although the effect was no longer significant at age 
24 or 48 months [66]. There is additionally an ongoing trial 
evaluating vitamin D supplementation in the first year of life 
for prevention of atopic diseases.[67] Observational studies 
have suggested association between decreased risk of AD 
and maternal intake of other vitamins and minerals includ-
ing beta-carotene, vitamin E, zinc, magnesium, and vitamin 
C,(62) but no RCTs have been performed to corroborate 
these findings.

Regarding overall maternal diet, increased intake of veg-
etables and yogurt was associated with decreased odds of 
AD diagnosis in offspring in the 2021 Healthy Start study 
involving 1253 pregnant women [68]. However, a 2024 
cohort study of 1330 mother–child pairs found no associa-
tion between maternal dietary index during pregnancy and 
offspring AD during the first year of life [69]. Overall, vita-
min D supplementation is the only prenatal nutrient supple-
mentation that may contribute to AD prevention in offspring.

Conclusions

In this review, we discussed the current evidence behind var-
ious interventions for the primary prevention of childhood 
AD. These interventions target the fundamental aspects of 
AD pathogenesis, including epidermal barrier dysfunction, 
microbiome dysbiosis, and immune dysregulation.

Based on available evidence, mixed-strain probiotic or 
Lactobacillus rhamnosus supplementation to a combina-
tion of pregnant mothers, breastfeeding mothers, and infants 
holds the greatest potential for preventing AD development 
in children [41, 70, 71] although further studies are needed 
to elucidate long-term outcomes and the effect of different 
probiotic regimens. While emollients are essential in the 
treatment of AD, recent large well-designed RCTs have 
shown that prophylactic emollient use is not effective in pre-
venting AD in high-risk children [19–22]. Efficacy of breast-
feeding on the prevention of AD remains uncertain, limited 
by the challenges of conducting a RCT [72]. Preliminary 
studies of prebiotic supplementation, pHF, and nutritional 
supplements for pregnant and lactating mothers suggest that 
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these interventions are unlikely to be highly effective in the 
primary prevention of AD [52, 58, 59].

The primary prevention of AD is an incredibly exciting 
field that tests our understanding of AD pathogenesis. Envi-
ronmental factors must play a role in the pathogenesis of AD 
as the concordance rate in twin studies is not 100% [73]. As 
such, primary prevention of AD should be possible with 
modification of environmental factors. However, as dem-
onstrated in this review, additional studies are needed to (1) 
better characterize the environmental factors that contribute 
to the pathogenesis of AD, (2) determine the simplest and 
most cost-effective means of modifying these factors, and (3) 
identify those who would benefit most from the intervention.
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